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A B S T R A C T
Purpose: The aim of the present study was to investigate the epidemiologic proﬁle of epileptic seizures in
the general population of a deﬁned area of Northwest Greece. We also investigated the frequency of
epilepsy in the same population.
Methods: The study areawas the District of Corfu representing a population of about 113 000 inhabitants.
Cases have been recorded prospectively in the frame of a systematic recording system, using multiple
sources of retrieval, developed in the study area. All patients referred between 1 July 2004 and 30 June
2005, representing a case of diagnosed epilepsy or a new case of epileptic seizure, resident in the study
area, were included in the study. Cases were conﬁrmed and classiﬁed according to ILAE guidelines for
epidemiologic studies on epilepsy.
Results: A total of 68 new cases of epileptic seizures were recorded. The age adjusted mean annual
incidence rate was 58.4 (95% CI, 43.9–72.9) cases per 105 inhabitants (55.6 for men, and 62.3 for women).
Thirty-seven cases were classiﬁed as unprovoked seizures (32.6 cases per 105), and 13 of them were
related to stable conditions. The age adjusted prevalence estimate of diagnosed epilepsy was 226.1 (95%
CI, 199.4–252.7) cases per 105 inhabitants (223.3 for men, and 228.6 for women).
Discussion: The study population presents a relatively low incidence of unprovoked seizures and a low
frequency of epilepsy, in comparison to other populations studied. The low incidence of unprovoked
seizures seems to be related to a low occurrence of cases associated with conditions resulting to a static
encephalopathy.
 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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The epidemiologic studies of epilepsy and epileptic seizures
carried out in different populations suggest a wide variation of
their occurrence among different populations studied. Even
studies focusing on speciﬁc age groups present signiﬁcant
variations, as it is the case for studies investigating the occurrence* Corresponding author at: Department of Public Health, Medical School,
niversity of Patras, 26504 Rio, Patras, Greece. Tel.: +30 2610 969874
ax: +30 2610 996101.
E-mail address: ialamano@upatras.gr (Y. Alamanos).
059-1311/$ – see front matter  2008 British Epilepsy Association. Published by Else
oi:10.1016/j.seizure.2008.09.007of unprovoked seizures in children. It is difﬁcult to interpret the
differences observed, because of the important methodological
differences among studies. These differences concern the deﬁni-
tions and the classiﬁcation of epileptic seizures, as well as the
methods of case ascertainment1.
The classiﬁcation of epilepsy, and the guidelines for epidemio-
logic studies proposed by the International League Against
Epilepsy (ILAE) constitute a useful tool for the study of the
epidemiologic proﬁle of epilepsy and epileptic seizures in a deﬁned
population.2–5 The guidelines offer a frame for most homogenous
studies based on concrete deﬁnitions for the incidence and
prevalence of epilepsy, as well as the clinical and etiologic
classiﬁcation of epileptic seizures. However, only a limited numbervier Ltd. All rights reserved.
Table 1
Characteristics of ﬁrst diagnosed epileptic seizures during the period 1 July 2004 to
30 June 2005, in the District of Corfu.
Total number of patients 68
Women/men 37/31
Age at diagnosis, years (mean, S.D., range) 41.0 (25.9) [5–85]
Men (mean, S.D.) 32.7 (23.3)
Women (mean, S.D.) 48.0 (26.4)
Generalized seizures N (%) 29 (42.6%)
Convulsive N (%) 17 (25.0%)
Non-convulsive N (%) 11 (16.2%)
Myoclonic N (%) 1 (1.5%)
Partial seizures N (%) 29 (42.6%)
Simple N (%) 17 (25.0%)
Complex N (%) 12 (17.6%)
Multiple seizure types N (%) 5 (7.4%)
Unclassiﬁed seizures N (%) 5 (7.4%)
Fig. 1. Annual incidence rates of epileptic seizures by sex and groups of age.
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general population, based on the ILAE classiﬁcation and guidelines,
have been reported during the last years. Most of them were
carried out in central and northern European countries and the
USA.6–13
Studies from other countries and areas of the world, such as
developing countries or south and eastern European countries,
could offer important information concerning geographic varia-
tions in the incidence and the epidemiologic proﬁle of epilepsies
and epileptic syndromes, as well as the possible contribution of
different etiologic factors to those geographic variations. The aim
of the present study was to investigate the epidemiologic proﬁle of
epileptic seizures in the general population of a deﬁned area of
Northwest Greece. We also investigated the frequency of epilepsy
in the same population. The study was carried out prospectively,
based on a systematic recording system implemented in the area.
2. Methods
The study area was the District of Corfu representing a
population of 113 479 inhabitants according to the National
Census of 2001, including the island of Corfu and four smaller
islands. Urban residents represented about one third of the total
population, living in the capital of the District.
Cases have been recorded prospectively in the frame of a
systematic recording system for epilepsy and epileptic seizures,
using multiple sources of retrieval, developed in this deﬁned area
of Northwest Greece. The system recorded cases from the
following sources: (i) in- and outpatients referred to the Neurology
Clinic of the General Hospital of Corfu and to the Psychiatric
Hospital of Corfu, (ii) patients referred to the practices of the Social
Security Foundation and (iii) patients referred to the private
neurologists practicing inside the study area (six private neurol-
ogists).
All patients referred between 1 July 2004 and 30 June 2005,
representing a case of diagnosed epilepsy or an incidence case of an
epileptic seizure, and resident in the study area, were included in
the study. An incidence case of epileptic seizure was deﬁned as any
patient who had a ﬁrst diagnosis of epileptic seizure during the
study period, resident in the study area for at least 1 year before the
diagnosis. This deﬁnition included patients with one or more
epileptic seizures, irrespectively of whether these seizures
occurred before or during the study period.
Cases of epileptic seizures were conﬁrmed and classiﬁed
according to ILAE guidelines for epidemiologic studies on
epilepsy.2 This included the seizure type classiﬁcation (generalized
seizures, partial seizures, multiple seizure types, and unclassiﬁed
seizures) and the etiologic classiﬁcation (symptomatic provoked or
unprovoked seizures, and unprovoked seizures of unknown
etiology including idiopathic and cryptogenic epilepsies). As
concerning the classiﬁcation of generalized seizures tonic and
tonic–clonic generalized seizures were classiﬁed as convulsive
seizures, while absences and atonic seizures were classiﬁed as
non-convulsive seizures. When a patient presented recurrent (two
or more) unprovoked seizures occurring >24 h apart during the
study period, the case was considered as a newly diagnosed case of
epilepsy. The neurologists included in the network were asked to
complete a questionnaire for each case recorded. The question-
naire included demographic, clinical and laboratory parameters.
All clinical and EEG data were reviewed by two of the authors and
the initial classiﬁcation was conﬁrmed or modiﬁed according to
the ILAE classiﬁcation. Neuroimaging data were considered when
available. CT and/or MRI data were available for 51 cases (75%).
A prevalence case of epilepsy was deﬁned as any patient with
diagnosed epilepsy, resident of the study area and recorded duringthe study period (period prevalence). This deﬁnition included
active epilepsy, and epilepsy in remission with treatment. Cases of
epilepsy in remission without treatment (no seizures for >5 years
and not receiving anti-epileptic drugs at the time of ascertainment)
were not considered.
Incidence rates and prevalence estimateswere calculated as the
number of cases per 105 inhabitants, and 95% CIs were estimated
using the normal distribution. Population data were based on
databases of the National Statistical Service (National Census
2001). Age adjusted rates were obtained by the direct method
using the Greek population, as estimated by the 2001 National
Census.
3. Results
A total of 68 cases of epileptic seizures were diagnosed among
the population of the area studied between 1 July 2004 and 30 June
2005. Themain demographic characteristics of the patients and the
seizure type classiﬁcation are presented in Table 1. Women
represent a slightly higher number of patients than men, and a
signiﬁcantly higher mean age at diagnosis.
Fig. 1 shows the age and sex-speciﬁc incidence rates of epileptic
seizures for the study period. The incidence rates are higher in the
age group 10–19 for men, and in the age group 80 and over for
women. The age adjusted mean annual incidence rate for the
population was 58.4 (95% CI, 43.9–72.9) cases per 105 inhabitants
(55.6 for men, and 62.3 for women).
Table 2 shows the possible etiologic classiﬁcation of seizures,
according to the ILAE guidelines. A total of 37 cases were classiﬁed
as unprovoked seizures (incidence rate = 32.6 cases per 105).
Seventeen of these cases met the criteria for newly diagnosed
epilepsy (incidence rate = 15.0 cases per 105).
Table 2
Epidemiologic classiﬁcation of epileptic seizures according to the ILAE guidelines.
Classiﬁcation N Incidence (cases/105) %
Provoked seizures 31 27.3 45.6
Unprovoked seizures 37 32.6 54.4
Stable conditions 13 11.4 19.1
Progressive disorders 8 7.1 11.8
Unknown etiology 16 14.2 23.5
Table 3
Etiologic classiﬁcation of provoked seizures (N = 31, incidence = 27.3).
Risk factor N %
Cerebrovascular 7 22.6
Toxic and drugs 7 22.6
Metabolic 4 12.9
Alcohol or drug withdrawal 2 6.5
Tumors 2 6.5
Fever 1 3.2
CNS infection 1 3.2
Cranial trauma 1 3.2
Postoperative – –
Undeﬁned 6 19.4
Fig. 2. Prevalence estimates of epilepsy by sex and groups of age.
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contribution of risk factors is presented in Table 3. Cerebrovascular
disease as well as toxic substances and drugs represent the most
common causes of provoked seizures. Cerebrovascular disease was
the most common risk factor for unprovoked seizures related to
conditions resulting ina static encephalopathy (Table4). CNS tumors
and degenerative diseases were themost common factors related to
unprovoked seizures owing to progressive CNS disorders (Table 5).
Fig. 2 shows the prevalence of epilepsy in the population
studied, for the study period (period prevalence), by sex and
groups of age. The peak of prevalence is in the age group 20–29. A
second peak is presented in the age group 70–79. The age
distribution is similar for both sexes. The age adjusted prevalence
rate was 226.1 (95% CI, 199.4–252.7) cases per 105 inhabitants
(223.3 for men, and 228.6 for women).
4. Discussion
Despite their relatively limited number, population-based
studies carried out in different general populations, and based onTable 4
Unprovoked seizures related to conditions resulting in a static encephalopathy
(N = 13, incidence = 11.5).
Risk factor N %
Cerebrovascular 9 69.2
Cranial trauma 3 23.1
CNS infection 1 7.7
Perinatal antecedents – –
Alcoholism – –
Encepalopathy – –
Postoperative – –
Malformations – –
Table 5
Unprovoked seizures owing to progressive CNS disorders (N = 8, incidence = 7.1).
Risk factor N %
CNS tumors 3 37.5
Degenerative diseases 3 37.5
CNS evolutive infections 1 12.5
Autoimmune diseases 1 12.5the ILAE guidelines, suggest a similar epidemiologic proﬁle of
epileptic seizures. This proﬁle is characterized by a large pre-
dominance of unprovoked seizures, representing about three
quarters of the total number of newly diagnosed seizures in a
deﬁned time period. As concerning the etiologic classiﬁcation of
unprovoked seizures, about half of them are of unknown etiology.
Most of the seizures possibly related to a speciﬁc risk factor are
associated with conditions resulting in a static encephalopathy.6–16
According to our results the population studied is likely to
present a relatively different epidemiologic proﬁle of epileptic
seizures, characterized by a lower occurrence of unprovoked
seizures. This seizure type represents only 54.4% of the total
incidence of epileptic seizures in the present study. Although the
incidence of provoked seizures estimated in the present study is
similar to the incidence of provoked seizures reported in other
studies, the incidence of unprovoked seizures is signiﬁcantly
lower. The annual incidence rates of unprovoked seizures reported
for the total population varied in several published studies
between 33.6 and 198.3 cases per 100 000 inhabitants, according
to a systematic review of epidemiologic studies of epilepsy and
epileptic seizures.1 Studies based on the ILAE classiﬁcation gave
annual incidence rates of unprovoked seizures varying between
45.6 and 65.1 per 100 000.6,8,9 The respective rate for the
population of Corfu was 32.6 cases per 100 000 inhabitants.
Furthermore the prevalence of epilepsy estimated in the
present study is signiﬁcantly lower than reported in other studies.
Current data indicate that the prevalence of active epilepsy varies
from 4 to 10 cases per 1000 inhabitants, while the prevalence
estimate of active epilepsy and epilepsy in remission with
treatment in the population of Corfu was about 2 cases per
1000 inhabitants.1,14 The annual incidence of epilepsy estimated in
the same population was 15.0 cases per 105, while the respective
incidence rate in other recent studies based on the ILAE criteriawas
more than three-fold higher.7,10,12,13 According to a systematic
review of incidence studies of epilepsy including seventeen studies
reporting incidence rates for the total population, the reported
annual incidence rates varied between 23 and 190 cases per
100 000 inhabitants, with a median of about 50 cases per 100 000
inhabitants.1
The sex ratio of epileptic seizures indicates a slightly higher
occurrence for women, while other studies found higher incidence
rates of epileptic seizures for men. As concerning the age-speciﬁc
incidence, bimodal trends with highest rates in the younger and
older groups observed in our study are similar to those reported by
other studies.1,6–13
In the present study we used several sources for case
ascertainment, in the frame of a systematic recording system
implemented in the area, in order to reduce a potential under-
estimation of the cases of epileptic seizures and epilepsy, and avoid
G. Stranjalis et al. / Seizure 18 (2009) 206–210 209bias. However, it is possible that a number of patients could escape
the recording system. This could be truemainly formilder cases, or
for prevalent cases of epilepsy in remission. It is also possible that
we have missed some pediatric cases by not approaching the
pediatricians. A number of pediatric cases could be referred
directly to specialized centers outside the study area. It is also
probable that perinatal or postoperative cases may escape the
recording system. Some cases could be referred to specialized
centers outside the study area, or they could even occur outside the
study area (for example postoperative cases in patients having an
operation in a hospital installed outside the study area). This may
explain that we did not record any perinatal or postoperative
event.
Another number of patients could remain undiagnosed, mainly
in rural areas, where health services are less developed than in
urban. It is also possible that a number of patients may visit
systematically neurologists practicing outside the study area.
Misclassiﬁcation of some cases could also be a source of bias. This
could be the case for the classiﬁcation of seizures into partial and
generalized. In our study generalized seizures represent about 40%
of the total number. Other studies present a wide variation of this
percentage, and some of them suggest a predominance of partial
seizures.6–13
On the other hand, it is important to note that access to
neurologists practicing in the study area is relatively easy for all
inhabitants. Patients with a possible epileptic seizure initially
referred to other physicians, are usually also referred to a
neurologist. It is also important to note that only specialized
neurologists are allowed to prescribe anti-epileptic drugs, so it is
unlikely that many epileptic patients missed to visit a neurologist
practicing in the study area for 1 year, with the exception of
patients having epilepsy in remission without treatment. Our
recording system included all places were a patient could refer to a
specialized neurologist. As a consequence, we consider that only
few cases referred to other physicians could escape our recording
system. In addition the ﬁndings of this study suggest a low
occurrence for unprovoked seizures and epilepsies only, while the
incidence of provoked seizures is similar to the incidence found in
other populations studied. It is unlikely that our recording system
underestimated the incidence of unprovoked seizures and the
prevalence of epilepsy, but did not underestimate the incidence of
provoked seizures.
There is certainly an underestimation of newly diagnosed
epilepsy in our study, as the study period was 1 year only. As a
consequence the mean follow up period for each newly diagnosed
unprovoked seizure was about 6 months.
According to other studies based on long follow up periods,
about half of new cases of epilepsy are recognized within 1 year
after the ﬁrst seizure.Many cases are recognized several years after
the time of the ﬁrst seizure. About half of new cases of unprovoked
seizures represent a new case of epilepsy according to the results of
other epidemiologic studies.10,11We do not know howmany of the
new cases of unprovoked seizures will be identiﬁed as cases of
epilepsy in our study population, in the future. However, even if all
patients recorded with a ﬁrst unprovoked seizure would be
identiﬁed as epileptic patients, this will represent a low annual
incidence of epilepsy for the study area (about 33 cases per 100 000
inhabitants). The annual incidence rate of epilepsy reported by
other studies varies between about 30 to about 65 cases per
100 000 inhabitants in the general population.7,10,12,13,15,16
Several environmental and genetic factors have been suggested
to be linked with epilepsy.17–21 The low prevalence of those risk
factors could be associated with a relatively low occurrence of
unprovoked seizures and epilepsy. The etiologic classiﬁcation of
unprovoked seizures recorded in this study suggests that their lowincidence reﬂects mainly the low occurrence of unprovoked
seizures related to conditions resulting in a static encephalopathy.
The absence of cases associated with alcoholism is the most
impressive particularity of this study, in comparison to the results
of other studies published. In addition, other conditions considered
as possible risk factors for unprovoked seizures, such as perinatal
antecedents, malformations, encephalopathy and postoperative
disorders were not recognized to be associated with any seizure in
the present study. There are not data available on the prevalence of
those risk factors in the population of Corfu or other Greek
populations.
The main risk factors for unprovoked seizures related to
conditions resulting in a static encephalopathy, which were
recorded in our study, were cerebrovascular disease and cranial
trauma. Accidents and especially road accidents represent a major
public health issue in Greece, and this situation may be related to
an increased contribution of cranial trauma in the occurrence of
unprovoked seizures.22 Cerebrovascular disease also represents a
signiﬁcant cause of morbidity in Greece.23
Other epidemiologic studies based on the ILAE etiologic
classiﬁcation of epileptic seizures present wide variation of the
relative frequency of possible risk factors related to the occurrence
of unprovoked seizures. In some studies alcoholism represents the
most important risk factor, while in other studies cranial trauma
and cerebrovascular disease are the most common conditions
related to unprovoked seizures. These data suggest signiﬁcant
differences among populations as concerning the impact of several
risk factors in the occurrence of unprovoked epileptic seizures.24
As a conclusion, our results suggest that the population of Corfu
presents a relatively low incidence of unprovoked seizures and a
low frequency of epilepsy, in comparison to other populations
studied. The low incidence of unprovoked seizures seems to be
related to a low occurrence of cases associated with conditions
resulting to a static encephalopathy. These ﬁndings may reﬂect a
signiﬁcant variation of the occurrence of epilepsy even among
European countries and areas. Further study of the epidemiology of
epilepsy in this deﬁned population is needed in order to verify this
epidemiologic proﬁle and investigate the factors possibly asso-
ciated with it.
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